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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

ELECTRON SOURCE AND CABLE 
FOR X-RAY TUBES 

Background of Invention 

[0001] The x-ray tube has become essential in medical diagnostic imaging, medical 

therapy, and various medical testing and material analysis industries. Typical x-ray 
tubes are built with a rotating anode structure that is rotated by an induction motor 
comprising a cylindrical rotor built into a cantilevered axle that supports the disc 
shaped anode target, and an iron stator structure with copper windings that 
surrounds the elongated neck of the x-ray tube that contains the rotor. The rotor of 
the rotating anode assembly being driven by the stator which surrounds the rotor of 
the anode assembly is at anodic potential while the stator is referenced electrically to 
ground. The x-ray tube cathode provides a focused electron beam which is 
accelerated across the anode-to-cathode vacuum gap and produces x-rays upon 
impact with the anode target. The target typically comprises a disk made of a 
refractory metal such as tungsten, molybdenum or alloys thereof, and the x-rays are 
generated by making the electron beam collide with this target, while the target is 
being rotated at high speed. High speed rotating anodes can reach 9,000 to 1 1,000 
RPM. 

[0002] 0n)y a sma || sur f aC e area of the target is bombarded with electrons. This small 
surface area is referred to as the focal spot, and forms a source of x-rays. Thermal 
management is critical in a successful target anode, since over 99 percent of the 
energy delivered to the target anode is dissipated as heat, while significantly less than 
1 percent of the delivered energy is converted to x-rays. Given the relatively large 
amounts of energy which are typically conducted into the target anode, it is 
understandable that the target anode must be able to efficiently dissipate heat. The 
high levels of instantaneous power delivered to the target, combined with the small 
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size of the focal spot, has led designers of x-ray tubes to cause the target anode to 
rotate, thereby distributing the thermal flux throughout a larger region of the target 
anode. 

[0003] When considering the performance of x-ray tubes, some of the issues of 

importance are x-ray generation efficiency, patient dose management, high voltage 
stability, selective spectral content, detector response time and speed of image 
acquisition. 

[0004] Present x-ray tube design has an efficiency of around 1 percent, with the 

remaining power input being dissipated as heat. Large tube targets and accompanying 
structures are necessary to accommodate this power. Presently, the x-ray tube is 
powered by two sources, one for heating the filament and the other for supplying the 
high voltage (HV) accelerating potential across the anode-to-cathode gap. These 
power sources, whether AC or DC, provide a constant power to the tube resulting in a 
constant output. This method results in power being dissipated during times when 
there are no x-rays being generated, or during times when the generated x-rays are 
not needed or utilized. 

[0005] It is recognized that using a source of high voltage in a pulsed or resonant 

method will increase the overall efficiency of the x-ray tube. When the accelerating 

voltage is generated using a pulsed high voltage supply, the dielectric strength of the 

insulation system is dependent on the duration of the voltage pulse, i.e. insulators 

have a higher dielectric strength for short duration pulses. This effect is well-known 

and reflected in corresponding Voltage-Time Characteristic Curves. These curves 

apply to most dielectric materials and indicate a voltage that the material can 

withstand, the breakdown voltage, V , that is not constant with respect to the time 

BD 

duration of the application of the high voltage. The Voltage-Time Characteristic 
Curves reflect that for the same geometry or dielectric spacing, a higher voltage can 
be applied over short periods of time. Alternatively, the curves reflect that for a given 
voltage level the spacing or thickness of the dielectric material can be reduced. Thus, 
in general, the use of pulsed power technology enables the use of smaller HV critical 
components as compared to DC high voltage application. 

[0006] T h e power source for the filament needs to be a more constant source due to the 
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slow thermal response time of the filament structure. This results in a low efficiency 
application of power and the attendant use of large wires to handle the filament 
current. 

[0007] The overall size of the tube is generally a result of the maximum power required. 

In cases where small focal spots are more important than power, the size of the tube 
can be made smaller, but is limited by the size of the HV cables. This limits the tube 
to being hard mounted in a fixture, limiting its usefulness in accessing difficult areas 
of the anatomy. 

[0008] Thus, a method and apparatus is desired to eliminate unnecessary electron 

generation when the electrons are not needed or have a minimum effect on image 
quality based on the detector response time or the speed of image acquisition. 
Furthermore, it is desired to reduce the power requirements and thus the cabling size 
to an x-ray tube and high voltage components therein necessary for electron 
generation. 

Summary of Invention 

[0009] The above discussed and other drawbacks and deficiencies are overcome or 

alleviated by a method to reduce the size of a power cable supplying an x-ray tube is 
disclosed. The method includes employing an optical waveguide to transfer optical 
energy to an electron source triggered by photon energy to initiate release of 
electrons; configuring an accelerating potential conductor taking into account skin 
effect to reduce the thickness thereof and circumferentially disposing about the 
waveguide; and disposing an insulating material between the conductor and 
waveguide, the insulation material surrounding the conductor and the periphery of the 
waveguide. 

[0010] In an exemplary embodiment, a pulsed power application system for an x-ray 

tube having an anode and cathode; and a power supply adapted to provide an anode- 
to-cathode gap accelerating potential and photon energy, wherein the gap voltage 
and photon energy are pulsed and received by the x-ray tube via a single cable from 
the power supply resulting in a pulsed x-ray radiation. 

[001 1] above discussed and other features and advantages of the present invention 
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will be appreciated and understood by those skilled in the art from the following 
detailed description and drawings. 

Brief Description of Drawings 

[001 2] Referring to the exemplary drawings wherein like elements are numbered alike in 
the several Figures: 

[001 3] Figure 1 illustrates a high level diagram of an x-ray imaging system; 

[001 4] Figure 2 is a schematic illustration of an exemplary embodiment of a pulsed 

power supply including a conventional electron source power supply and a grid circuit 
in operable communication with an x-ray tube for generating pulsed x-ray radiation; 

[001 5] Figure 3 is a graph illustrating current practice of DC x-ray generation plotting DC 
voltage, DC current and energy input; 

[001 6] Figure 4 is a graph of pulsed x-ray generation plotting DC voltage, pulsed current 
and energy input using the pulsed power supply of Figure 2; 

[001 7] Figure 5 is a schematic illustration of an exemplary embodiment of a power 
supply to supply pulsed optical and electrical energy to an x-ray tube via a single 
power cable; 

[001 8] Figure 6 is a schematic illustration of the x-ray tube of Figure 5 illustrating a 

photo-emission cathode assembly responsive to a photon source incorporated with 
the power supply; and 

[001 9] Figure 7 is a cross sectional view of the power cable shown in Figure 5 illustrating 
an electrical energy conductor and an optical energy conductor employed therein. 

Detailed Description 

[0020] Turning now to FIG. 1 , that figure illustrates an x-ray imaging system 100. The 

imaging system 100 includes an x-ray source 102 and a collimator 104, which subject 
structure under examination 106 to x-ray photons. As examples, the x-ray source 
1 02 may be an x-ray tube, and the structure under examination 1 06may be a human 
patient, test phantom or other inanimate object under test. 
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[0021] The x-ray imaging system 100 also includes an image sensor 108 coupled to a 
processing circuit 1 1 0. The processing circuit 1 1 0 (e.g., a microcontroller, 
microprocessor, custom ASIC, or the like) couples to a memory 1 1 2 and a display 1 1 4. 
The memory 1 12 (e.g., including one or more of a hard disk, floppy disk, CDROM, 
EPROM, and the like) stores a high energy level image 1 16 (e.g., an image read out 
from the image sensor 108 after 1 10-140 kVp 5 mAs exposure) and a low energy 
level image 1 1 8 (e.g., an image read out after 70 kVp 2 5 mAs exposure). The memory 
1 1 2 also stores instructions for execution by the processing circuit 1 1 0, to cancel 
certain types of structure in the images 116-118 (e.g., bone or tissue structure). A 
structure cancelled image 120 is thereby produced for display. 

[0022] Referring to Figure 2, an x-ray tube 200 for use as x-ray source 1 02 is shown 
with a cathode 204, anode 206 and frame 208 having a dielectric insulator shown 
generally at 21 6, all of which are disposed inside X-ray tube 200. Figure 2 also 
illustrates exemplary components that control the x-ray exposure; a main power 
supply (generator) 2 1 0, power supply for the filaments or an electron source 212, and 
a grid circuit 214. The power supply generator 210, electron source 212, and grid 
circuit 214 can be used individually or in combination to generate a pulsed power 
input to x-ray tube 200. A method using a combination of the above exemplary 
components is outlined below. 

[0023] In an exemplary method, pulsed tube emission current 21 8 is generated, which in 
turn generates pulsed x-ray radiation 220 from an anode target 222. The frequency, 
pulse width, and duty cycle of the pulsed emission current 21 8 is determined by the 
response time of the x-ray detectors, image acquisition speed and by requisite image 
quality. 

[0024] For a current pulse of frequency (f), pulse ON-time (T qn ), pulse OFF-time (T 
o ^ ) and period (T), the efficiency improvement factor is: 

T + T 

Efficiency Improvement Factor = 

av 



[0025] 

Figure 3 illustrates the principle of x-ray generation when the duty cycle is 100% 
(T = 0). More specifically, Figure 3 illustrates a DC voltage, DC current, DC x-ray 
radiation and energy input when the emission current is not pulsed as compared with 
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Figure 4. 

[0026] Referring briefly to Figure 4, for a pulse of emission current 218 with a 50% duty 

cycle (T = T ), the efficiency improvement factor would be 2, i.e., a 1 00% 
ON OFF 

efficiency gain over the conventional method. It will be recognized that the efficiency 
improvement factor is optionally interpreted as an input power reduction factor. 

[0027] For instance, a CT (Computed Tomography) scanner takes 500 m s for image 

acquisition, and scans at a 600 m s interval. Thus, there is a time period of 100 m s 
within the 600 p s interval that x-ray photons are still generated but not used, which 
means that if a pulsed emission current 2 1 8 was used the input power would have 
been reduced by a factor of 1 6.7 % (e.g., = 1 00/600). 

[0028] The exemplary methods disclosed herein assume that the human body dynamics 
would not change significantly in a sub-millisecond time scale. And as a result of any 
change in human body dynamics, any loss of image for microseconds would not affect 
the diagnostic procedure. With this basic assumption, producing pulsed x-ray 
radiation having a pulse frequency in the order of tens of kHz would not create 
significant loss of information. It is also assumed that the response time (especially 
the fall time) of x-ray detectors is slower than the response time of the emission 
current. In this case, x-ray signals decay at a much longer time constant and would 
keep their value at nearly their peak value until the next pulse arrives. Figure 4 shows 
the expected voltage, current and x-ray radiation waveforms. 

[0029] Sti || referring to Figure 2, an exemplary method for generating a pulsed power 

input to x-ray tube 200 will be described. A main anode-to-cathode gap voltage 226 
is pulsed at a high frequency by pulsing high voltage power supply 210. The duration 
of each pulse is preferably below about one millisecond. Emission current 2 1 8 and x- 
ray generation 220 is controlled by pulsing the extraction voltage Vac. Modern pulsed 
power supply generating equipment is becoming less complex and less costly. 
However, at higher voltages, typically about 1 50 kV and higher instantaneous power 
requirements, generating a pulsed power supply is a challenge. For a bipolar x-ray 
tube design, generating a pulsed voltage for one side, typically 75 kV, is relatively less 
complicated and is readily available. For example, using fast high voltage switches 
(based on solid state switching technology) on one power supply generator 230 of 
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power supply 210 that is connected in series with another power supply generator 
232 of power supply 2 1 0, each power supply generator 230, 232 at 80 kV and 1 kA 
instantaneous current provides an emission current rise time of 200 ns. 

[0030] Furthermore, using pulsed voltage supply 210 provides advantages where a 

variable voltage magnitude is desirable, for example, for spectral content variation. 
The spectral content of x-ray emission from a traditional thick solid target 222 can be 
controlled by means of two adjustable parameters: (1) electron acceleration voltage 
and (2) target material composition. The high power x-ray sources currently used for 
medical diagnostic equipment are thick high-density high Z material targets; 
bremsstrahlung radiation back-scatters from the target and escapes an x-ray tube 
insert via a low-Z window 234. The spectrum of radiation is optionally shifted to 
contain higher energy radiation by using a higher accelerating voltage. The pulsed 
power application lends itself to control of the voltage applied across the tube 200 
between cathode 204 and anode 206 from pulse to pulse. Filtration for the radiation 
is the same, but the pulse train contains differing pulses, some pulses having higher- 
energy radiation. Detectors in turn can be gated to match the emission of radiation 
220. Alternatively, two different detectors are optionally used, each of which is 
optimized for use with different energy photons. Image subtraction, known and used 
in the pertinent art to heighten the effect of contrast media, can be applied with more 
control since the spectral content of the radiation is under some modest control in 
this embodiment. The short time between images also implies reduced motion- 
related subtraction artifacts. 

[0031] Like mammography, further variation in the spectral content of the x-radiation 
can be achieved by using two different materials on target 222. In certain 
mammography target designs, two separate tracks are disposed on target 222 for 
electron beam bombardment: Adjustment or optimization of the x-ray output is 
optionally made by varying the energy of the electrons striking target 222, as well as a 
selection of two different materials disposed on target 222. Electron beam current can 
then be varied to remove or compensate for differences in x-ray yield between the 
two materials. 

[0032] 

It will be recognized that fast pulse-to-pulse variations in electron beam intensity 
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assume a certain level of technology development in fast response time cathode 
electron emitters. Traditionally, thermionic electron emission from a filament 236 is 
used to generate the electrons. A large fraction of the power dissipated in the cathode 
simply heats the cathode structure; cathode power supplies are larger than necessary, 
cathode parts are hotter than they need to be, and the waste heat must be managed 
through astute x-ray tube design. Field emission cathodes provide an alternative 
approach at generating electrons without the heating power needed in a filament- 
based design. Field-emitter cathodes are electron sources, in the form of arrays of 
microfabricated sharp tips. Field emission is used to extract the electrons without 
heating the cathodes. As a solid-state device, the field-emission cathodes are suitable 
for pulsed x-ray generation. These arrays include an original Spindt-type cathode 
array, in which the tips are made of molybdenum. 

[0033] Electron sources, such as field emission sources of fast response time, emission 
current (temperature) may be switched ON and OFF between two threshold values in 
order to control electron generation. In the case of using other sources of electrons, a 
similar procedure can be used to switch electrons flow ON/OFF. The practicality of this 
method depends on mainly the response time of the electron sources. One exemplary 
method that is ideally suited to this task is possible from field emission arrays (FEA) 
gated with modest voltages. Another exemplary method that is ideally suited to this 
task employs a photo-emission cathode assembly discussed later herein. 

[0034] In an alternative exemplary embodiment, rapid variation of emission current 218 
includes gridding using a grid voltage 238. The capacitance of cathode cups is 
sufficiently small so that control of emission current 2 1 8 is possible on the tens to 
hundreds microsecond time scale. In an exemplary embodiment, gridding is used to 
control electron emission current. The grid electrode 240 switches from a negative 
potential to cut electrons flow to that of the cathode potential to let electrons flow. 
Since the required grid voltage 238 is in the order of few kV, fast switching can be 
achieved with less complication and lower cost. 

[0035] 

Pulsed power application of high voltage electron emission for bremsstrahlung 
radiation emission can also be applied to thin targets that produce x-radiation in the 
transmission mode. The preferred embodiment would be a thin support having 
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multiple foils of thin target material that would spin near the electron beam being 
used to create the x-radiation. A choice of pulse train is key to hitting the target at 
the proper time, synchronized to detector operation and optimized for the particular 
spectral content by varying the electron beam energy. 

[0036] Figure 4 shows the operating principles for one exemplary proposed method 

using a pulsed grid voltage discussed above. Compared to the present practice, this 
method reduces the energy input and finally the temperature rise in parts of the tube. 
With this method the thermal limitation can be raised by the efficiency improvement 
factor. It will be recognized that Figure 4 exemplifies a current that is pulsed for a 
sub-millisecond duration, but it is contemplated that the voltage may optionally be 
pulsed as well. A preferred embodiment is to pulse at high frequency the current by 
means of quickly changing the grid voltage. It will also be noted that gridding can be 
used alone or in conjunction with the other methods to pulse the emission current 
disclosed herein. 

[0037] Referring to Figures 5 and 6, an exemplary apparatus and approach for generating 
electrons without heating power needed in a filament-base design are illustrated. The 
x-ray tube 200 is shown with cathode 204 having a photon triggered electron source, 
anode 206 and frame 208 having a dielectric insulator shown generally at 21 6, ail of 
which are disposed inside X-ray tube 200. Figure 5 also illustrates exemplary 
components that control the x-ray exposure; a power supply 300 configured to 
provide an accelerating potential via electrical energy and photons via optical energy. 
Power supply 300 is connected to x-ray tube 200 with a power cable 304 for 
providing the accelerating potential between the anode and cathode and for providing 
the optical energy to photo-emissive cathode 204. A method using a combination of 
the above exemplary components is outlined below. 

[0038] In an exemplary method, pulsed tube emission current 218 is generated, which in 
turn generates pulsed x-ray radiation 220 from anode target 222. As before, the 
frequency, pulse width, and duty cycle of the pulsed emission current 21 8 is 
determined by the response time of the x-ray detectors, image acquisition speed and 
by requisite image quality. 

[0039] Sti || re ferring to Figures 5 and 6, power supply 300 is configured having a photon 
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source 308 including, but not limited to a laser, light emitting diode (LED), or other 
electroluminescent device to generate photons 310 directed at a prepared photo- 
emitting surface 312 of cathode 204. The prepared photo-emitting surface 312 of 
cathode 204 includes, but is not limited to, at least one of, including combinations of 
at least one of: clean metals, semiconductor crystals, coated metal materials, coated 
oxide materials, and cleaved crystal edges. Photons 310 of an appropriate energy or 
wavelength directed at cathode 204 result in electrons 31 6 emitted from cathode 204 
that are attracted to anode 206 under influence of static and dynamic electromagnetic 
fields partially created by a bias voltage device 31 8 operably connected between 
cathode 204 and anode 206. Bias voltage device 31 8 is configured to maintain 
negative polarity on cathode 204 with respect to anode 206. 

[0040] Referring to Figures 5 and 7, the size reduction of an x-ray tube is not limited to 
large conventional high voltage (HV) cabling. The x-ray tube is optionally a hand held 
device using pulsed or resonant power for both the accelerating potential and the 
electron source by using unique cabling 300 which incorporates the means to transfer 
optical energy and accelerating potential in a pulsed manner in a single cable. In 
addition, the use of pulsed power reduces the insulator size, weight and spacing 
requirements between the accelerating potential's conductors due to the voltage-time 
effect in dielectric materials. 

[0041] In an exemplary embodiment, a cross-section of power cabling 300 is illustrated 
in Figure 7. Power cabling 300 includes a waveguide 320 for transferring optical 
energy generated by photon source 308 to photo-emitting surface 312 of cathode 
204. Waveguide 320 is preferably an optical fiber bundle 322. Waveguide 320 is 
encased in an insulation material 324 having two electrical conductors 326 therein for 
transfer of electrical energy from power supply 300 to cathode 204 providing the 
accelerating potential between cathode 204 and anode 206. 

[0042] 

In an exemplary embodiment, each electrical conductor 326 is configured having 
a geometry designed to maximize the skin effect, and the geometry of the cable. The 
cable length is tuned either mechanically or electrically in a manner that an antenna 
would be tuned. It will be recognized that optimization and utilization of the 
transmission line effect of a pulse train source of power is well within the common 
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knowledge of one skilled in the pertinent art, such that the cable is tuned to allow 
maximum voltage at the x-ray tube. The integration of these unique elements result 
in the ability to produce an x-ray tube in smaller sizes, much smaller than the 
traditional devices since the cabling can be a single power cable having a very small 
diameter. This would allow an x-ray tube to be a hand held or hand manipulated 
device to allow greater opportunity for diagnosis. If needed, an array of these tubes 
could be utilized to incorporate a larger area or higher penetrating power. 

[0043] More specifically and still referring to Figure 7, each electrical conductor 326 is 

configured to maximize the skin effect by realizing the tendency of alternating current 
to flow near the surface of a conductor, thereby restricting the current to a small part 
of the total cross-sectional area and increasing the resistance to the flow of current. 
The skin effect is caused by the self-inductance of the conductor, which causes an 
increase in the inductive reactance at high frequencies, thus forcing the carriers, i.e., 
electrons, toward the surface of the conductor. At high frequencies, the circumference 
is the preferred criterion for predicting resistance than is the cross-sectional area. The 
depth of penetration of current can be very small compared to the diameter. In an 
exemplary embodiment, each conductor 326 is configured as a substantially thin 
planar conductor 328 extending a length of cable 304. The planar conductor 328 is 
curved around a portion of the circumference of the fiber optic bundle 322 having 
insulation material between bundle 322 and conductor 328. The conductor 328 is 
curved around bundle 322 to minimize a diameter 330 of cable 304. Conductor 328 is 
preferably made from an electrically conductive metal selected to optimize the skin 
effect. Suitable conductive metals include, but are not limited to copper, nickel, tin, 
gold, including formulations of any or all of the above. 

[0044] One of the most immediate advantages of using pulsed power application with x- 
ray tubes will be an improvement in the efficiency of x-ray tubes. Pulsed power 
application will facilitate development of x-ray tubes that can handle higher power. 
With an increased efficiency factor, together with the unique cabling disclosed herein, 
high power tubes can be more compact and patient dose management is improved by 
eliminating unnecessary exposure. Moreover, when the x-ray tube efficiency (power 
handling capability) increases, the generator power requirement reduces. This in turn 
means a compact and lower cost generator. 
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[0045] High voltage stability of x-ray tubes can be improved by applying short duration 
pulses and reducing the temperature of the target. Dielectric strength of insulators 
improves as the pulse width of the applied voltages diminish. By lowering the track 
(target) temperatures, the probability of spit activity (dielectric breakdown) can be 
reduced. It will be recognized by those skilled in the pertinent art that high voltage 
stability at higher current is one of the most critical x-ray tube design and 
performance issues. 

[0046] Furthermore, when the primary pulse is generated using a pulsed high voltage 

supply, the use of pulsed high voltage supply brings an added advantage in improving 
high voltage stability of x-ray tubes. More specifically, the dielectric strength of the 
insulation system is in most cases dependent on the duration of the voltage 
application, i.e., insulators have a higher dielectric strength for short duration pulses. 
This means that for the same geometry or dielectric spacing, a higher voltage can be 
applied or for the same voltage level the spacing can be reduced. 

[0047] The exemplary methods disclosed herein illustrate that by using pulsed power 
technology in x-ray tubes to generate an accelerating potential and photons, x-ray 
generation is synchronized with the required x-ray output for image recording. These 
methods include the use of sampled x-ray detection followed with signal recovery 
techniques. By eliminating the unnecessary photon generation when they are not 
needed or have minimum effect on image quality, the average heat generated can be 
reduced significantly. This in turn brings an improvement to the efficiency or power 
handling capability of the tube. 

[0048] As the speed of the detector's response time and image acquisition systems 
improves very rapidly, the duration for x-ray generation becomes shorter. This 
creates an excellent opportunity to use pulsed power technology to generate x-ray 
photons in the form of single pulse or multiple sampled pulses. 

[0049] Depending on the response time (rise and fall time) of the x-ray detector and 

image acquisition time, the pulse frequency, width, and duty cycle can be optimized 
to produce x-ray radiation output for a required image quality. Powerful digital signal 
processors with fast image manipulation and processing algorithms are available to 
produce clear images from sampled x-ray outputs with very little or no loss of critical 
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information. 

[0050] Pulsed voltage can also be used to vary the spectral content of the x-radiation by 

varying the amplitude of the pulse voltage. This method of varying the spectral 
content with pulsed voltage can be used in applications where x-radiation of more 
than one spectral content is required. 

[0051] In conclusion, the method and apparatus using pulsed power application for 
generating pulsed emission current for producing similarly pulsed x-ray radiation 
results in improved efficiency in x-ray tubes; improved patient dose management; 
improve high voltage stability; and provides a means of varying spectral content. 
Further, the method an apparatus using the unique cabling for transferring optical 
energy and electrical energy in a single power cable to an x-ray tube results in a more 
compact assembly for generation of x-rays. 

[0052] While the invention has been described with reference to a preferred embodiment, 
it will be understood by those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without departing from the scope 
of the invention. In addition, many modifications may be made to adapt a particular 
situation or material to the teachings of the invention without departing from the 
essential scope thereof. Therefore, it is intended that the invention not be limited to 
the particular embodiment disclosed as the best mode contemplated for carrying out 
this invention, but that the invention will include all embodiments falling within the 
scope of the appended claims. Moreover, the use of the terms first, second, etc. do 
not denote any order or importance, but rather the terms first, second, etc. are used 
to distinguish one element from another. 
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